Abstract The European Society of Paediatric Radiology Uroradiology Task Force and the ESUR Paediatric Work Group jointly publish guidelines for paediatric urogenital imaging. Two yet unaddressed topics involving patient safety and imaging load are addressed in this paper: renal biopsy in childhood and imaging of the neonatal genital tract, particularly in girls. Based on our thorough review of literature and variable practice in multiple centers, procedural recommendations are proposed on how to perform renal biopsy in children and how to approach the genital tract in (female) neonates. These are statements by consensus due to lack of sufficient evidencebased data. The procedural recommendation on renal biopsy in childhood aims at improving patient safety and reducing the number of unsuccessful passes and/or biopsy-related complications. The recommendation for an imaging algorithm in the assessment of the neonatal genital tract focuses on the potential of ultrasonography to reduce the need for more invasive or radiating imaging, however, with additional fluoroscopy or MRI to be used in selected cases. Adherence to these recommendations will allow comparable data and evidence to be generated for future adaptation of imaging strategies in paediatric uroradiology.
Introduction
There is a wide variety of pediatric urogenital imaging in different centres. In order to homogenize, ease and improve the specific imaging approach, the ESPR Uroradiology Task Force and the ESUR Paediatric Work Group set out to assess available standards, explore different existing practices, review available literature and jointly draft a proposal for a unified imaging approach. The goal is to standardize imaging at its lowest possible invasiveness by adhering to the ALARA principle to reduce the risk of potential complications and to provide reliable results. The recommendations intend to be comprehensive and to be as basic and practical as possible to encourage their use around the world. This includes the flexibility for adjusting to individual needs and situations ("personalized medicine"). With the given restriction of available evidence from literature, these recommendations are issued as a consensus statement based on thorough review of literature, assessment of the different practices in various centres, and consultation of other related subspecialties dealing with pediatric urogenital conditions.
The group hopes for a wide distribution of and adherence to these new recommendations, which are designed to create comparable data for future meta-analysis and improve evidence level and, thus, uroradiological practice in children.
Renal biopsy in childhood
Renal biopsies in children are performed by various specialists for different indications and under variable imaging guidance, most commonly using ultrasonography (US). However, in some centers, renal biopsies are performed without any imaging guidance (i.e. blindly). The indication for biopsy is usually defined by the referring paediatric nephrourologist or transplantation specialist. The inherent risks are haemorrhage, injury to the collecting system or arterial-venous fistula (AVF) as potential threats to the kidney. The risk for these complications increases with the number of passes and needle size. While sufficient material must be provided by the procedure to allow for meaningful histology, the amount of renal tissue depends on the suspected condition.
The procedure requires a team-approach by the involved nephrourologist, paediatric anaesthesiologist (analgesia, sedation and monitoring), histopathologist, nurse and/or technician, as well as paediatric and/or interventional radiologist. A standard intervention suite with all necessary equipment and instrumentation available (including monitoring device, oxygen, material for sterile handling, spotlight and microscope) and an open layout is most desirable. Preceding the biopsy, the child's general condition must be assessed as part of a work-up of the nephrourological complaint. In addition, a detailed preinterventional US with colour Doppler sonography (CSD) is indispensable to assess for renal localization and potential risk factors (e.g. duplex kidney with small lower pole system, aberrant vessels, interfering structures, etc.). Preprocedural decision on instrumentation availability and detail is crucial: i.e. size and length of the needle, length of the core cut (which depends on parenchymal thickness), whether coaxial technique is advisable in more difficult access, etc. Patient preparation includes intravenous line, emptied bladder and pre-sedation, as well as a skinnumbing patch or paste administered at the presumed biopsy site. Time-out must be granted to confirm the patient's identity, the indication of the procedure and adequate recent haematological status with regard to bleeding and coagulation, as well as whether informed consent has been obtained.
The child is placed in prone position with adequate ventral support for biopsy of the native kidney. Pre-interventional US is performed for probe positioning and as baseline for postinterventional follow-up. The lower pole of the native left kidney is commonly targeted and the access area is defined by US. In a transplant kidney, the patient is typically supine and a safe needle approach (e.g. from the laterocranial aspect) is selected by US. Local anaesthesia is strongly recommended even with the child in deep sedation. Correct sterile conditions are mandatory for the procedure. Biopsy in younger patients is commonly performed under deep analgo-sedation, administered by the anaesthesiologist. Conscious analgo-sedation may be chosen in older children. Monitoring of blood pressure, heart/respiratory rate and oxygenation is required throughout the procedure. Biopsy should be performed under direct real-time vision and is best with the help of the dedicated needle guide attached to the transducer. The length of the core cut is defined by the thickness of the renal parenchyma (avoid a long cut into narrow parenchyma and injury to the collecting system). Use of an 18-gauge needle is usually adequate for core thickness as well as to minimize the risk of vascular complication. CDS is extremely helpful in avoiding renal vascularity, especially major vessels. Sufficient cortical material, i.e. a sufficient number of glomeruli, is necessary for establishing a diagnosis; medullary tissue is rarely required. Details of specific tissue need to be discussed with the referring nephrologist in advance to select the biopsy area. Commonly, a biopsy gun or a semi-automated biopsy device is used and fired under direct US vision. CDS demonstrates even more conspicuously the risk for potential postbiopsy complications (Table 1) . Whether a second pass is necessary for diagnosis needs to be determined by the on-site paediatric nephrologist or histopathologist by evaluating the specimen immediately (preferably under the microscope) for diagnostic adequacy. Upon retrieving the needle, local compression is applied to prevent haemorrhage. For repeat biopsy passes, the biopsy area/needle placement should be changed to minimize the risk of complications or an unsuccessful second pass.
Immediate postprocedural US with CDS is performed for potential haemorrhage, parenchymal alteration or AVF. Focal rarefaction of peripheral renal vasculature at the biopsy site immediately after the procedure is a frequent reactive phenomenon and is considered physiological. In severe renal disease as well as in antihypertensive treatment, vascular reaction may be decreased. Therefore, withdrawal of reno-active drugs two days before suggested if clinically feasible.
Post-biopsy handling includes local pressure, bed rest for at least 3 to 6 h, monitoring of vital parameters (blood pressure, heart rate, haematocrit) and urinalysis. Thorough follow-up US and CDS includes the biopsy area (for potential occurrence of haematoma, active bleeding, clot formation in the collecting system, perirenal collections and arterio-venous fistulation), and the entire urinary tract with the bladder (for clots as well as for urine inflow from the tapped kidney). All abdominal compartments should then be evaluated for fluid collections. Depending on the findings and the further management of the patient, a subsequent or final US evaluation may be suggested at 12 and 24 to 48 h after the procedure, potentially on an outpatient basis. Absence of any major haematoma, haemorrhage, AVF or bladder clot is expected. Withdrawn reno-active antihypertensive drugs may be reinstalled, even if minor haemorrhagic residuals are present. In these conditions, conservative management with repeat monitoring is advised, as most of these findings resolve spontaneously. Severe haemorrhage, large AVF with high shunt flow that endanger renal perfusion and function, or large clots in the collecting system and/or bladder might indicate active treatment, possibly even embolisation of AVF (Table 1) .
Imaging the genital tract in the neonate and infant
To carry out a practical and differentiated imaging approach after birth, a few prerequisites need to be kept in mind. These are:
1. Knowledge of the basic organogenetic facts and fetal development of the urogenital tract. 2. Familiarity with the normal appearance of inner genitalia in neonates and infants, especially in a female (characteristic shape and large size of uterus; frequent presence of even large ovarian follicles). 3. Knowledge of the characteristic morphology in common genital malformations. 4. Awareness of the frequent association with urinary tract malformations (e.g. multicystic dysplastic kidney, unilateral renal dysplasia, single kidney).
Therefore, early diagnostic imaging of the genital or urinary tract should always include both systems. Early imaging in a female also offers the advantage of the usually prominent neonatal genital morphology.
Common indications for the evaluation of the urogenital tract by imaging include known or suspected fetal abnormality, a clinically apparent genital malformation, ambiguous genitalia, cloacal malformation, urogenital sinus, Müllerian duct and vaginal abnormality and congenital adrenal hyperplasia, as well as undescendend testis, congenital inguinal hernia and the various types of congenital hydrocele, cystic dysplasia of the rete testis and cystic-dysplastic seminal vesicles. Disorders of sexual differentiation (intersex) include a wide and complex group of abnormalities resulting from non-accordance between chromosomal, gonadal and genital gender. Due to their complexity and the need for a multidisciplinary team approach, these latter patients should be referred to a dedicated pediatric centre.
Ultrasound including CDS is the primary imaging modality to evaluate both male and female genitalia and urinary tract. Dedicated and expert US technique is essential to obtain adequate diagnostic information (Table 2 ). In females, a systematic transabdominal and transperineal US approach of the pelvic cavity with a full or filled bladder is fundamental. Whenever genital US is insufficient for adequate characterization of some uterovaginal abnormality or if vaginal duplication is suspected, a specific sonographic genitography is recommended. It consists of some innocuous fluid (prewarmed saline) instillation into the vagina through a small flexible feeding tube that improves or even allows visualization, particularly of the vagina and cervix (Table 3) . Additional rectal saline filling may be useful, e.g. for fistula detection or in Müllerian duct agenesis, assuring the absence of uterus. Subsequent complementary imaging procedures may include fluoroscopic genitography and (ce-)MRI (Table 4 , Fig. 1 ). (T2-) MR-urography may be added for evaluation of associated or combined urinary tract malformations. There are very few indications for a technically dedicated ce-CT (e.g. if no MRI available in complex anatomy for preoperative assessment, such as in cloacal malformations or coexisting orthopedic abnormality involving the pelvis and/or lower spine). Sectional imaging should not be performed as a baseline study but be strictly reserved for selected cases and usually for surgical planning. Notice that, unlike in adults or in older children, MRI evaluation of the genital tract is limited in neonates and infants due to resolution issues and may therefore be less useful. A high-resolution 3-D sequence after saline instillation into the vagina and bladder as well as rectal filling with diluted contrast material may yield more differentiated anatomical information. It is important to remember that imaging evaluation of genital (and also cloacal) malformations is never an emergency procedure. This holds true for almost all complex urogenital malformations in newborns with a normal amount of amniotic fluid, i.e. with normal Proceed with voiding cystourethrography for evaluation of vesicoureteral reflux, if needed. Fig. 1 Imaging algorithm -how to assess the neonatal female genital tract / pelvis legend: proposal on how to approach neonates with suspected genital anomalies. Abbreviations: UT = urinary tract, MRI = Magnetic resonance Imaging, pre-op = pre-operatively, US = ultrasound renal function and adequate vital signs. Complex diagnostic imaging should be well prepared and is best performed as an elective study under interdisciplinary cooperation in dedicated centres.
Summary
Renal biopsy should be performed in children with special precautions and under dedicated conditions to avoid potentially severe complications. The procedure must be standardized. This includes careful pre-interventional preparation with detailed US (including CDS), performance under direct USguidance, use of an optimal core cut needle and a biopsy gun or (semi-)automated biopsy device, prompt tissue evaluation and a thorough post-interventional follow-up (Table 1) . Congenital malformations of the neonatal genital tract are common. Ultrasonography is the first and basic imaging modality and is often diagnostically sufficient (Table 2 ). Proper US technique complemented by US-genitography may be crucial for a reliable diagnosis (Table 3 ). Competent US is fundamental in deciding which patients will need complementary imaging with fluoroscopic genitography and/or MRI (Table 4 and Fig. 1 ), typically reserved for complex malformations and particularly for planning surgical intervention.
